at its N terminus, followed by four leucine zippers, five LRRs, a proline-rich region, a single transmembrane domain, and a serine/threonine protein kinase domain. Results
Constitutive Overexpression of BAK1 bak1-1D Is a Genetic Suppressor of bri1-5
Recapitulates the bri1-5 Suppression Phenotype Screening for genetic modifiers with activation tagging Analysis of steady-state levels of BAK1 mRNA showed is a powerful strategy to uncover novel BR signaling that it was approximately 30 times greater in bak1-1D elements (Li et al., 2001a). Activation tagging screens than that observed in wild-type or bri1-5 plants (Figure involve generating random genomic insertions of a 3). To confirm BAK1 overexpression is responsible for transgene that contains strong transcriptional enthe suppressed phenotype, we used the CaMV35S prohancers capable of increasing the expression of nearby moter to drive expression of a BAK1 cDNA in bri1-5 genes (Weigel et al., 2000) . We carried out a large-scale plants. From 18 independent transgenic lines analyzed, activation-tagging screen in a weak bri1 allele, bri1-5.
lines showed the suppressed phenotype (Figure 3). bri1-5 contains a point mutation resulting in a C69Y
This result confirms that increased expression of BAK1 amino acid substitution in the extracellular domain of is responsible for suppression of bri1-5. BRI1 (Noguchi et al., 1999) . bri1-5 plants exhibit a relatively weak dwarf phenotype compared to most other bak1-1, a Null Allele, Shows a Semidwarfed known bri1 alleles. From approximately 40,000 transPhenotype and Reduced Sensitivity genic lines, we identified 12 potential bri1-5 extragenic to Brassinolide suppressors. One of these, bak1-1D (bri1-associated Based on the finding that increased expression of BAK1 receptor kinase-1-1Dominant), suppresses multiple decan suppress bri1, we hypothesized that a bak1 lossvelopmental defects of bri1-5 ( Figure 1A ). bri1-5 mutants of-function mutant would result in a dwarf phenotype are dwarf plants, with short inflorescences, but the infloreminiscent of bri1. Furthermore, increased expression rescences of bri1-5 bak1-1D double mutants are twice of BAK1 in a wild-type background should lead to stems as long as those of bri1-5 plants ( Figure 1B 
Biosynthesis of BRs and Functional BRI1 Are Both
To examine the interplay between BRI1 and bak1-1D, we generated a bri1-4 bak1-1D double mutant. bri1-4 Required for bak1-1D to Suppress bri1-5 To test whether BRs are required for bak1-1D to supcontains a 10 bp deletion in the extracellular domain of BRI1, which should result in a frame-shifted null allele press bri1-5, we constructed a bri1-5 det2 double mutant and a bri1-5 det2 bak1-1D triple mutant. In addition, test whether BAK1 encodes an active protein kinase, the BAK1 cytoplasmic kinase domain fused with glutacombination of the two kinases noticeably increases phosphorylation of BAK1, but not phosphorylation of thione S-transferase (GST) was expressed in E. coli, purified on glutathione agarose resin, and tested for BRI1 or the inactive BAK1. This suggests either that BAK1 activity is stimulated by BRI1, or that an active autophosphorylation activity (Figures 7A and 7B) . These data show BAK1 is an active protein kinase. Phospho-BAK1 is a better substrate for BRI1 phosphorylation.
When the pull-down is performed with mBRI1 and mBAK1 together, the proteins can still interact, but the interaction is attenuated. These findings suggest that while protein kinase activity is not absolutely necessary for the interaction between BAK1 and BRI1, having protein kinase activity increases binding. To further investigate possible association between BRI1 and BAK1 in vivo, transgenic plants expressing both BRI1-FLAG and BAK1-GFP were generated by transformation and crossing. A total membrane fraction was isolated, and proteins were solubilized from the membrane fraction. Anti-FLAG antibody was used to immunoprecipitate BRI1-FLAG. Coimmunoprecipitated BAK1-GFP was detected with a GFP antibody. The results show that BAK1-GFP was detected in the immunoprecipitated BRI1-FLAG complex, indicating a direct interaction between these two receptor kinases in mem- The gel was then stained, dried, and autoradiographed.
